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CRITERIA FOR SELECTION OF LAND USE/COVER DATA 
FOR URBAN STORMWATER QUALITY ANALYSIS 
by Ming T. Lee, Ying Ke, and Michael L. Terstriep 
Office of Surface Water Information & GIS 
INTRODUCTION 
Comprehensive urban runoff quality modeling has proven to be a powerful tool for 
estimating the quantity and quality of pollutants discharging into rivers and lakes. Past 
research has shown a strong correlation between pollutant loads and land cover factors 
such as population density, degree of imperviousness, vegetative cover, street litter rates, 
traffic volume, curb density, and street-cleaning practices. Increased runoff volume, peak 
discharge, pollutant washoff, and reduced runoff travel time are directly related to 
imperviousness of urban drainage areas. In a drainage area with these characteristics, even 
light rains are capable of washing off accumulated pollutants. It is imperative that 
accurate information on land cover and imperviousness be gathered to support water 
quality modeling. If large areas are to be modeled economically, a method must be found 
to generate this information economically. 
OBJECTIVES 
The objectives of this research project are: 1) to test emerging image processing 
technology for determination of urban land cover, and 2) to evaluate the potential and cost 
of four selected sources of remotely sensed data for urban water quality modeling. 
URBAN WATER QUALITY MODEL AND DATABASES 
The water quality model used in this project is AUTO_QI (Terstriep et al., 1990). 
The AUTO_QI model, which provides continuous simulation, consists of three main 
components: 1) HYDRO, 2) LOAD, and 3) BMP. HYDRO uses a continuous rainfall 
record; a soil moisture accounting procedure; pervious and impervious depression storage; 
interception; Horton infiltration curves; and water storage in the soils to generate runoff 
volumes for each event in the record. LOAD simulates water quality using the output 
from HYDRO, along with pollutant accumulation and exponential washoff functions, to 
generate loads and event mean concentrations (EMCs). BMP is a best management 
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practice simulator that reduces loads based on user-specified best management practices. 
The model may be applied to multiple stormwater outfall points in one run. The results 
(with or without best management practices) may be viewed at one outfall point or 
combined at multiple outfall points for one receiving water. 
Urban runoff volume is highly dependent upon land use, imperviousness, and 
hydrologic soil type. An analysis of 21 urban catchments studied by Terstriep and Stall 
(1974), shows a direct relationship between the degree of imperviousness and the average 
runoff ratio (figure 1). The AUTO_QI model (Terstriep et al., 1990) was applied to a 
3,097-acre subcatchment of the Lake Calumet basin south of Chicago to demonstrate the 
effect of an impervious area on runoff and pollutant washoff. Imperviousness was varied 
from 15 to 55 percent without changing the other parameters. The results indicate that 
runoff and other water quality loadings increase four- to sixfold, as shown in table 1. 
Table 1. Model Results Showing Annual Runoff and Pollutant Washoff 
for Various Degrees of Imperviousness 
Percent of Total Total 
imperviousness Runoff suspended solids Total nitrogen phosphorus 
(percent) (inches) (1,000-lb) (1,000-lb) (1,000-lb) 
15 3.36 469 1.25 1.05 
25 5.30 718 1.95 1.64 
35 7.24 967 2.21 2.65 
45 9.18 1,218 3.35 2.81 
55 11.13 1,470 4.06 3.40 
Notes: 
Drainage area: 3,097 acres. 
Annual rainfall: 25.70 inches. 
Field data collected by the American Public Works Association (1969) showed 
that dust and dirt accumulation on streets increased about sixfold when land use changed 
from single-family to industrial. Sartor and Boyd (1972) measured total solids and found 
a 2.5-fold increase between residential and industrial land use. These results are 
summarized in table 2. 
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Figure 1. Relationship of runoff ratio and imperviousness of 21 selected urban 
basins in the United States 
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Table 2. Street Refuse Accumulation 
Chicago1 Eight A merican cities 
Dust and dirt                                          Total solids  
Land use (g/curb m/day)2 (lb/ac/day)                   (g/curb m/day) lb/ac/day) 
Single family 10.4 2.1 48 9.5 
Multifamily 34.2 6.8 66 13.1 
Commercial 49.1 9.7 69 13.7 
Industrial 68.4 13.5 127 25.1 
Notes: 
1American Public Works Association, 1969. 
2The curb length per acre in Chicago was assumed to be 90 meter/acre. 
It has been demonstrated that land cover, land use, and in particular, degree of 
imperviousness are important factors in urban water quality modeling. The collection of 
this information is time-consuming and expensive. An improved and economical method 
for providing this information is needed. Exploration of a methodology and sources of 
data are described below. 
DESCRIPTION OF STUDY AREA 
The greater Lake Calumet area in southeast Chicago is urban and highly 
industrialized. Figure 2 shows the drainage area that was used for development and 
testing of the AUTO_QI model described earlier. The greater Lake Calumet area has also 
been studied for possible airport development and as a hazardous waste clean-up site. A 
detailed description of the area can be found in Terstriep et al. (1990) and Bhowmik and 
Fitzpatrick(1988). 
DATA SOURCES 
A Geographic Information System (GIS) database was developed previously for an 
urban runoff study in the greater Lake Calumet area (Terstriep et al., 1990). Soils, land 
use, streets (DIME file), and the storm sewer network were digitized as part of that study. 
Earlier experience with remote sensed data also indicated that the EOSAT Thematic 
Mapper (TM) data were not of high enough resolution to determine impervious areas and 
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Figure 2. General location map of four urban drainage basins in the 
greater Lake Calumet area, Chicago, Illinois 
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thus were not considered in this study. To provide land use/land cover data for urban 
stormwater quality analysis, the following additional data were acquired: 
1. Color aerial photographs 
A set of 1:6,000 color aerial photographs was obtained from the Chicago District 
of the U.S. Army Corps of Engineers. Since this set of photographs provides higher 
resolution than any of the other available sources, the data set is used as "ground truth" 
for comparison with other data sources. 
2. U.S. Geological Survey (USGS) land use/land cover data (LUDA) 
USGS developed LUDA in the late 1970s and early 1980s based on the Anderson 
classification (Anderson, 1971). LUDA is available in DLG format. The Illinois 
Geographic Information System (IGIS) converted the USGS DLG format into ARC/INFO 
format for LUDA within the state of Illinois. LUDA coverage of the study area was 
retrieved and clipped from the IGIS database. The land use was coded according to both 
level 1 and level 2 from the Anderson classification system, as shown in the appendix. 
3. SPOT panchromatic image 
Two 7.5-minute quadrangles (Lake Calumet and Blue Island) of SPOT 
panchromatic data covering the study area were purchased from SPOT Incorporated in 
Reston, Virginia. The SPOT panchromatic images have one spectral band with 10-meter 
spatial resolution. The data were processed at level 2, which means that the images have 
been corrected for radiometric and geometric errors and registered to the Universal 
Transverse Mercator (UTM) projection. 
A study by Lee and Ke (1990) showed that the SPOT images in northern Illinois 
had the following characteristics: 
A. Residential areas have significant variation in spectral reflectance. 
B. The spectral characteristics of grassy areas and agricultural fields are not significantly 
different. 
C. Large industrial areas, parking lots, and commercial areas have relatively low variation 
in spectral reflectance. 
D. Most newly developed areas have relatively high spectral reflectance. 
E. Agricultural areas have relatively low spectral reflectance and relatively low variations 
in spectral reflectance. These characteristics are key guidelines for separating the urban 
land-use classes. 
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4. National Aerial Photography Program (NAPP) 
The original NAPP high-altitude aerial color photographs are in 9-inch by 9-inch 
film format. The scale of the photographs is about 1:40,000, which varies from the center 
to the edge of each photo because of their central projection. Each photograph has four 
fiducial marks for photogrammetric rectification. The positive NAPP films were acquired 
and scanned to 1.6-meter spatial resolution. The scanned NAPP data are multi-spectral in 
nature, having red, green, and blue bands. There may be significant variation in the 
spectral reflectance of adjacent photographs. 
In additional to the four image data sources, automated street map data were 
obtained from the Cook County Highway Department. These street map data, which 
were digitized from 1:24,000 USGS topographic maps, were used as the basic street 
outline layer. The map data were received in UTM projection and in ARC/INFO line 
format. Because the Lambert Conformal Conic Map projection (Lambert) is used for the 
Water Survey database, the data were converted and rectified to that system. 
DATA ANALYSIS 
Data analysis for this study was designed to extract impervious areas and land 
cover information from the four selected image data sets for support of urban water 
quality modeling. 
Land Cover 
To generate land cover data directly from either satellite images or scanned aerial 
photography for large areas, numerous analytical processes are required. This task is 
generally conducted by federal and state mapping agencies. Detailed procedures can be 
found in Anderson (1971). For simple land cover analysis, the 1980 urban land cover data 
are available from USGS LUDA. The most economical way to obtain more recent urban 
land cover information involves analysis of recent image data. Related research has been 
conducted by Place (1974), Estes and Simonett (1975), Swain and Davis (1978), Todd et 
al. (1978), Jensen (1983, 1985), Martin (1989), and Lee and Ke (1990). The processing 
methods proposed by Lee and Ke were used in this study and are summarized below. 
They are based on the use of ERDAS software (ERDAS Inc., Atlanta, GA). 
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Preprocessing 
1. The SPOT panchromatic data were run through a low-frequency filter (ERDAS 
command: CONVLV). This process enhances the homogeneity. 
2. The SPOT panchromatic data were processed through a 3-by-3 pixel window by 
defining the texture as the variance within the window. 
Image Classification 
1. Observation of SPOT spectral data showed that low reflectance values indicate 
agricultural land, urban parks, or residential lawns. High reflectance indicates newly 
developed commercial and service areas. On the basis of these properties, a 
threshold value was selected to delineate these two groups. 
2. Observation of SPOT textural data shows that urban residential areas and newly 
developed urban areas have high textural values (defined here as variances in 3-by-3 
pixel windows). Agricultural lands have very low textural values. 
3. After inspection of histograms of the textural data, a threshold value was selected to 
delineate these groups. 
Postprocessing 
1. A decision table was used to combine the results of textural and spectral groups. 
Only land low in both spectral and textural values was classified as agricultural. The 
remainder were classified as urban areas. The decision table is: 
SPECTRAL VALUES 
TEXTURAL VALUES 
High Low 
High Urban Urban 
Low Urban Nonurban 
2. The calculation of the variance artificially created high textural values on urban-
agricultural fringes. To deal with this, a procedure was used to define the 
approximate zones within 2 pixels of these fringes. The ERDAS command for this 
operation is SEARCH. The areas identified within these zones were reclassified as 
agricultural (ERDAS command RECODE). 
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3. To update LUDA, a combination procedure was developed based on a decision 
table. In the table below, SPOT classifications of urban and nonurban areas are 
combined with LUDA classifications of urban and nonurban areas. The LUDA 
classification was changed from nonurban to urban only if the SPOT classification 
was urban and the LUDA classification was nonurban. 
SPOTDATA Urban 
LUDA 
Nonurban (5 classes) 
Urban Old urban New urban 
Non-urban Old urban Nonurban 
4. To include transportation coverage (Cook County street map) in the update, a similar 
decision table was derived: 
STREETMAP 
Road Non road 
Non-urban Road Nonurban 
New-urban Road New urban 
Old-urban Road Old urban 
Pervious and Impervious Land Cover Analysis 
Determining imperviousness based on a field survey or manual aerial photographic 
interpretation is time-consuming and tedious. One goal of this study is to extract the 
impervious and pervious area information from image data sources in an economical 
manner. Two of the main difficulties in delineating impervious areas are: 1) impervious 
areas such as street pavements, rooftops, and drives are small and require relatively high-
resolution images for detection and delineation, and 2) different types of impervious areas 
have different spectral reflectance. To overcome these problems, test sites were selected 
on which to develop the methodology. 
Selection of Test Sites 
Thirteen test sites were selected to represent a range of land-use characteristics, as 
shown in table 3. The locations of these test sites are also shown in figure 3. 
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Table 3. Test Sites in the Greater Lake Calumet Area 
Site number Description 
1 Single-family residential (old city) 
2 Public buildings (Chicago State University) 
3 Industrial (light and small) 
4 Single-family residential (medium density) 
5 Industrial (heavy) 
6 Multifamily residential 
7 Industrial (heavy) 
8 Single-family residential (low density) 
9 Industrial (heavy-waste water treatment plant) 
10 Single-family residential (old city) 
11 Public buildings (park and school) 
12 Industrial (heavy) 
13 Multifamily residential 
General Analysis Procedures 
After the test sites were selected, the steps used for preparing each test site were: 
1. Identify the location of a test site on the Cook County highway and street map. 
2. Subset and rectify the raw remote sensing image for a given test site. 
3. Retrieve the image data of a test site by using the selected Cook County highway and 
street block map. 
4. Classify the selected remote sensing data for the pervious and impervious areas. 
5. Compare the results of classification with "ground truth" which will be described in 
detail in the next section. 
Establishing Ground Truth 
The ground truth for pervious and impervious areas was established by manual 
interpretation of 1:6,000 color aerial photographs augmented with on-site visits. The final 
product used for comparison with other data sources was a simple template with only two 
classifications, pervious or impervious. The procedure for developing the template is: 
1. Manually identify and field-verify the pervious and impervious areas and highlight the 
impervious areas on a mylar overlay. 
2. Scan the mylar overlay to obtain black-white image data. 
3. Convert the black-white image into binary image data. 
4. Rectify and register the binary image data for each test site. 
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Figure 3. Location of test sites in the greater Lake Calumet area 
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Using Scanned NAPP Data 
Delineation of impervious areas using NAPP data involved the following steps: 
1. Scan the photographs to obtain the multispectral digital image data. 
2. Clip, rectify, and register the image data for each test site. 
3. Conduct an unsupervised multispectral classification for each test site. 
4. Recode the initial classes into two new classes — pervious and impervious areas. 
5. For each class, use CLUMP and SIEVE commands in ERDAS to group the pixels 
and remove very small clumps. 
Using SPOT Data 
It is very difficult to identify pervious and impervious areas by using only the 
original SPOT panchromatic data. To overcome this weakness, a texture image was 
created from the spectral image data using the following steps: 
1. Convert the raw image data into the Lambert coordinate system using ERDAS. 
2. Compute the texture image from the original spectral image using ERDAS. 
3. Subset image data for each selected test site. 
4. Code the pervious and impervious areas by using both spectral and textural 
information. 
The above procedures were applied to all 13 test sites. An examination of the 
results made it clear that the 10-meter resolution of the SPOT data did not allow 
consistent determination of impervious areas. A formal verification with ground truth was 
not considered necessary. 
Comparison of the Results 
Comparison between ground truth and impervious classifications was done by 
using the matrix analysis available in ERDAS. The classification at each test site was 
evaluated using a pixel-by-pixel comparison of raster images of ground truth and the test 
classification. This procedure required that the two images have exactly the same spatial 
resolution, size, and map projection, as well as perfect registration. Errors in any of these 
factors were likely to result in increased error levels being attributed to the test 
classification. 
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As shown in table 4, the percentage of correctly classified impervious areas within 
single-family housing areas is lower than in multifamily housing areas. This could be 
attributed to trees covering portions of the paved area, and/or to misclassification of bare 
soil surface as pavement. Single-family housing areas tend to have more trees than 
multifamily areas. Other errors appear to come from an inaccurate geo-reference. 
For the public building groups, the correct classification of impervious areas is 
close to 80 percent. This is due in part to the large buildings resulting in fewer "edge" 
errors from pixels at the edge of a building. Other errors appear to come from poor 
spectral data. 
For industrial areas the correct classifications of impervious areas varied from 52 
to 81 percent. Impervious area estimates seem to be more accurate for heavy industry 
areas than for light industry areas. This may also be attributed to fewer trees covering 
paved areas, and better geo-reference. Classification of bare ground as impervious can be 
a problem in some industrial areas and may account for the high variability within this land 
cover group. 
Costs of Land Cover Classification from Image Data 
The costs of acquiring land cover data for water quality analysis could be 
addressed as two components: the cost of purchasing raw data and the cost of data 
analysis. The Lake Calumet area provides an example of total costs. 
Cost of Obtaining Raw Data 
LUDA: The raw data tape is available from USGS at minimal cost. A tape 
covering a 30-minute by 1-degree area costs $97. 
Low-altitude color photography: The cost of color aerial photography at a scale 
of 1:6,000 may vary from $500 to $1,000 per square mile. Costs for this study area of 
17.7 square miles were estimated to be $10,000. 
NAPP data: The cost of obtaining positive films of the study area was $75. 
SPOT data: Each SPOT 7.5-minute quadrangle covering about 55 square miles 
costs $650. Since the greater Lake Calumet area fell between two quads, the cost was 
$1,300. 
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Table 4. Accuracy of "Impervious Classification" Using Scanned National High-Altitude 
Photography from NAPP 
Correctly 
Test site classified Apparent reason 
number Description (percent) for misclassification 
Residential area 
1 Single-family residential 54.1 Most are trees and shadows 
(old city) of the houses 
4 Single-family residential 58.3 Inaccurate geo-reference 
(medium density) 
6 Multifamily residential 71.0 Inaccurate geo-reference 
8 Single-family residential 61.6 Paved road and rooftops 
(low density) covered by trees 
10 Single-family residential 60.9 Inaccurate geo-reference 
(old city) 
13 Multifamily residential 67.5 Tree shadows and paved area 
covered by trees 
Public Buildings 
2 Public buildings (Chicago 79.1 Poor spectral data 
State University) 
11 Public buildings (park and 76.1 Inaccurate geo-reference 
school) 
Industrial area 
3 Industrial (light and small) 52.4 Bare soil surface 
5 Industrial (heavy) 81.2 Bare soil surface 
7 Industrial (heavy) 67.1 Bare soil surface 
9 Industrial (heavy - waste 59.0 Inaccurate geo-reference 
water) 
12 Industrial (heavy) 76.7 Inaccurate geo-reference 
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Cost of Data Analysis 
Updating LUDA to 1990 using SPOT image: Two man-months to accomplish the 
task, at a cost of about $7,000. 
To obtain the impervious areas using NAPP data: Three man-months to 
accomplish, at a cost of about $10,500. 
Other fixed costs such as hardware and software for GIS and an image processing 
system, fringe benefits, and indirect costs are not included. 
Discussion 
The four selected data sources each have their own characteristics leading to 
various limitations and potential. 
SPOT Panchromatic Data 
The 10-meter spatial resolution of the SPOT panchromatic data is not adequate to 
delineate objects such as buildings in residential areas. Thus, it is difficult to determine the 
pervious and impervious surfaces in residential areas. SPOT data could be used in rural 
areas and industrial areas with large buildings. Based on the experience gained in this 
project, the spectral reflectance of impervious areas is either very low or very high. Thus, 
the classification can be applied by selecting a set of thresholds. The problem is to define 
suitable thresholds since this could vary between scenes and between image dates. 
The advantages of SPOT data are its nationwide coverage, up-to-date images, and 
good geo-reference. The 10-meter resolution, which is good for commercially available 
remote sensed data, is not adequate to delineate rooftops, paved roads, and driveways for 
impervious area determination. 
NAPP 
In this study, the photographs were scanned using a 50-µm pixel, which 
corresponds to a 1.6-meter spatial resolution. The scanned images also have three 
spectral bands. The digital data are adequate to identify pervious and impervious urban 
areas, but it is still difficult to distinguish between trees and green rooftops, and between 
shadows, black rooftops, or road surfaces. The results of impervious classification in new 
residential areas or residential areas with large single-family houses are better than those in 
old or high-density residential areas. It is also difficult to distinguish paved surfaces from 
bare soils because they have similar spectral reflectance. And it is difficult to rectify 
scanned photographs using the geo-reference program provided by ERDAS. The 
program is designed to process satellite images that do not have the significant central 
15 
projection distortions common with aerial photographs. Fiducial marks are not currently 
used by geo-referencing programs. 
The primary advantage of scanned NAPP data is its high spatial resolution enabling 
identification of the urbanized areas and to a lesser extent the impervious areas. The 
disadvantages are difficulty with geo-referencing and poor spectral quality. The spectral 
quality often varies between adjacent photographs. 
USGS Land Use/Cover Data - LUDA 
The primary advantages of LUDA are its low cost and nationwide availability. 
Unfortunately, it is out of date, has low spatial resolution, and is limited to USGS levels 1 
and 2 classification. The data are also vectors rather than rasters and cannot be used for 
impervious area delineation. 
Low-Altitude Color Photographs 
The primary advantage is their high spatial resolution. Disadvantages include the 
lack of nationwide coverage, high cost, difficulty in geo-referencing, and poor spectral 
quality. This is a good source of information for relatively small watersheds that require 
manual interpretation and conventional sampling techniques to determine land cover and 
to estimate degree of imperviousness. 
SENSITIVITY OF AUTO_QI TO IMPERVIOUS AREAS 
The significance of impervious areas as a factor in the runoff and washoff 
processes of urbanized watersheds was discussed earlier. It follows that accurate 
measurement of impervious areas is important in the calculation of urban runoff and 
washoff when using a deterministic model such as AUTO_QI. This paper has 
demonstrated that there is potential for using remote sensed digital data to measure 
impervious areas in an urban watershed. High-resolution data is required, however, if 
reliable results are to be achieved. It was determined that 10-meter pixels of SPOT were 
not adequate for measurement of impervious areas in residential settings. The 1.6-meter 
pixels of NAPP were shown to produce errors ranging from 20 to 40 percent. 
In order to determine the impact on model results of 20 to 40 percent errors in the 
measurement of impervious areas, actual model runs were performed and the resulting 
runoff and washoff results were tabulated. A 100 acre subcatchment of the Boneyard 
Creek basin (Champaign County, Illinois) was used for simulation purposes. The 
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subcatchment was 80 percent residential and 20 percent commercial land use. The 
impervious area of the catchment was decreased by 20 and 40 percent and increased by 20 
and 40 percent, and the model runs used rainfall amounts of 0.5, 1.0, 2.0, 3.0, and 4.0 
inches. All other parameters of the catchment were left unchanged, and the ratio of 
directly connected paved area to supplemental paved area was maintained at 3.0 for the 
residential area and 2.5 for the commercial area. The runoff volume in inches and the load 
of suspended solids washoff were recorded in pounds for each run. The mean values of 
runoff and load for the five rainfall amounts were then plotted against the change in 
impervious area (figure 4). 
For this set of conditions the change in runoff is shown to be nearly linear with 
changes in impervious area between -40 percent and +20 percent. As the impervious area 
is increased to +40 percent, runoff increases by 51 percent. Suspended solids washoff 
shows an even greater sensitivity to changes in impervious area. If impervious area is 
reduced 40 percent, suspended solids washoff is reduced 46 percent. An increase of 20 
percent in impervious area results in an increase of 37 percent in suspended solids. The 
significant nonlinearity in the washoff results is due in part to nonlinearity in the buildup 
and washoff functions built into the model. 
The number of dry days preceding the event was maintained at five for all rainfall 
amounts, but at some point the washoff load becomes limited by the supply of pollutants 
on the pervious and impervious surfaces. The impervious surfaces provide relatively large 
amounts of washoff during small rainfalls. Pervious surfaces require more sustained 
rainfall for significant washoff. The sensitivity results for washoff are therefore highly 
dependent on the distribution of pervious and impervious areas in the catchment being 
simulated. 
RECOMMENDATIONS AND RESEARCH NEEDS 
1. Multi-Resolution Approach 
SPOT data are not suitable for impervious area delineation within residential areas 
but they may be suitable in heavy industrial areas. SPOT data are useful in distinguishing 
urban from nonurban areas, however. NAPP photographs are suitable for the 
classification of the pervious and impervious areas, but it is a time-consuming process for 
a large study area. If the study area includes residential, industrial, and rural areas, 
different spatial resolution data can be used in different land-use areas to reduce the 
processing time. The proposed approach is to use SPOT data for rural and industrial 
areas with large buildings, and to use NAPP photographs for the residential areas. 
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Figure 4. Sensitivity of AUTO_QI to changes in impervious cover 
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2. Block Analysis 
When the study area is large, it is very difficult to get a suitable single set of image 
signature data for a supervised multispectral classification. A possible approach is to 
divide the large area into small regions so that each region has a single set of signature 
data. Because the area inside each city block has similar spectral characteristics, it is 
feasible to consider each city block as a region and perform supervised classifications 
using the appropriate signature data set. The city block data can easily be developed using 
ARC/INFO. 
3. Improving Geometric Rectification Using Photographic Data 
The whole photograph, including the four fiducial marks, should be scanned. A 
photogrammetric rectification program may then be used to remove the central projection 
distortions prior to running the geo-reference program. 
4. Reducing the Variation of Scanned Spectral Data 
When multiple NAPP photographs are required for a project, the scanned image 
data should be processed for normalization to reduce the variability in spectral data 
between adjacent images before doing any multispectral image analysis. 
CONCLUSIONS 
Four selected data sources were evaluated to derive land use/cover data and 
degree of imperviousness. 
1. LUDA is a low-cost data set, but it needs to be updated and cannot provide 
measurements of impervious areas. 
2. Scanned low-altitude color aerial photographic data have very high resolution for 
land use/cover and impervious area delineation, but they have inaccurate geo-
reference and are not readily available. 
3. The NAPP data are readily available nationwide and can be used for impervious area 
delineation, although they have inaccurate geo-reference. 
4. SPOT is a nationwide current coverage that may be used to determine urban land 
cover categories; resolution limits impervious area delineation. 
The AUTO_QI model is highly responsive to changes in impervious area, and 
errors of 20 to 40 percent in impervious area measurement would produce errors of at 
least equal amounts in runoff and washoff loads. 
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Further research is suggested on topics such as a multi-resolution approach, block 
analysis, improved geo-reference, and reduction in the variation of scanned spectral data. 
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APPENDIX 
USGS Land-Use Classification 
LUDA Attribute CODES, LEVEL I AND LEVEL II 
Level I Level II Description 
1 Urban or Built-up Land 
11 Residential 
12 Commercial and Services 
13 Industrial 
14 Transportation, Communication, and Utilities 
15 Industrial and Commercial Complexes 
16 Mixed Urban or Built-up Land 
17 Other Built-up Land 
2 Agricultural Land 
21 Cropland and Pasture 
22 Orchards, Groves, Vineyards, Nurseries, and Ornamental 
Horticultural Areas 
23 Confined Feeding Operations 
24 Other Agriculture Land 
3 Rangeland 
31 Herbaceous Rangeland 
32 Shrub and Brush Rangeland 
33 Mixed Rangeland 
4 Forest Land 
41 Deciduous Forest Land 
42 Evergreen Forest Land 
43 Mixed Forest Land 
5 Water 
51 Streams and Canals 
52 Lakes 
53 Reservoirs 
54 Bays and Estuaries 
6 Wetland 
61 Forested Wetlands 
62 Nonforested Wetlands 
7 Barren Land 
71 Dry Salt Flats 
72 Beaches 
73 Sandy Areas other than Beaches 
74 Bare Exposed Rock 
21 
75 Strip Mines, Quarries, and Gravel Pits 
76 Transitional Areas 
77 Mixed Barren Land 
8 Tundra 
81 Shrub and Brush Tundra 
82 Herbaceous Tundra 
83 Bare Ground Tundra 
84 Wet Tundra 
85 Mixed Tundra 
9 Perennial Snow or Ice 
91 Perennial Snowfields 
92 Glaciers 
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